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1. Introduction 

During the past ~10 years of operation, a significant fraction of the H.E.S.S.^ telescopes’ 
observing time has been used to observe the Galactic plane, both through a dedicated survey and 
through pointed observations of selected targets or regions. The H.E.S.S. I telescopes, with a point 
spread function for reconstructed y-rays of ~ 0.05° to 0.1° (depending on analysis configuration) 
and a large field-of-view with 0" ~ 3° flat y-ray acceptance^, are ideally suited for the discovery 
and study of the typically < 0.5° extended TeV y-ray sources seen in our Galaxy. A significant 
fraction of the known Galactic TeV source population has actually been detected with H.E.S.S.^ 
Eor a recent TeV y-ray astronomy review see e.g. [1]. 

The largest fraction of the currently known Galactic TeV y-ray sources consists of still uniden¬ 
tified objecfs. Amongsf fhose, many are pulsar wind nebula (PWN) candidafes. Sources are classi¬ 
fied as PWN candidafes if fhey are found in posifional coincidence wifh pulsars fhaf are energefic 
enough fo have powered a nebula of oufwards diffusing relafivisfic elecfrons. The TeV emission 
is infeiprefed fo sfem from fhese elecfrons, via Inverse Compton (IC) scaffering off background 
phofons. Ideally, an X-ray PWN is also defected af fhe pulsar position. The shape of fhe TeV 
emission in general does nol permif a firm idenfificafion as a PWN, since a head-fail morphology 
such as in X-rays is nof observed. Neifher does fhe TeV specfrum alone permif an idenfificafion. 
Neverfheless, fhe largesf fraction of idenfified Galacfic sources are classified as PWNe. 

If is, however, very likely fhaf some of fhe unidenfified TeV y-ray sources are due fo emission 
from particles accelerafed in hilherfo unknown SNRs. The established TeV SNRs are disfinguished 
by fheir shell-like appearance and fheir TeV morphology mafching fheir shell-like counfeiparfs in 
radio and non-fhermal X-rays: RXJ 1713.7—3946, Vela Jr., RCW 86, fhe remnanf of SN 1006^, 
and HESS J1731—347. The TeV emission from Cassiopeia A is very likely also shell-dominated, 
buf fhe TeV emission is unresolved. A couple of ofher TeV sources are likely associated wifh SNR 
processes as well, fhrough fhe possible associafion of fhe TeV emission wifh molecular clouds close 
to or partially coincidenf wifh fhe SNRs. The underlying assumption is fhaf emission from SNR- 
accelerafed hadronic particles is boosfed in fhese clouds. Examples comprise fhe TeV emission 
from W51C, IC443, W49B, CTB 37A, and from HESS J1800-240 near W28, fhe latter likely 
representing fhe besf example of parficles fhaf have entered non-shock-compressed clouds oufside 
fhe SNR. Often, fhe firm idenfificafion of fhe TeV emission wifh fhis scenario is challenging, due fo 
fhe sfafisfics-limifed TeV images fhaf are fo be correlafed wifh sub-mm line dafa (fracing molecular 
gas) which provide moderafe disfance resolution and fhus a large phase-space. 

The work presented here deals wifh fhe quesfion of whefher or nof previously unidenfified or 
new TeV y-ray sources in fhe H.E.S.S. phase I Galacfic plane dafa can be identified as SNRs. A 

* Speaker. 

'H.E.S.S. (High Energy Stereoscopic System) is a system of Cherenkov telescopes operated in the Khomas High¬ 
lands in Namibia. H.E.S.S. phase I started in 2003 with four 12-m telescopes. H.E.S.S. phase II is defined through the 
additional fifth, 28-m telescope CT 5 that has been operated together with the other telescopes starting with commission¬ 
ing in 2012. 

^The field-of-view of the H.E.S.S. I cameras for air showers corresponds to a circle with 0 = 5°. 

^http://tevcat.uchicago.edu 

^The TeV emission from SN 1006 is in fact not shell-like but bipolar, matching however clearly the appearance in 
non-thermal X-rays. 
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spectral identification is not possible, and associations with molecular clouds are difficult due to 
the aforementioned problems. A possible approach is to look for shell-like morphological appear¬ 
ance of extended (3> 0.1°) TeV sources, compared to the typical Gaussian morphology of other 
known TeV sources of similar size. One established TeV source which falls into this category is 
HESS J1731—347, which was first classified as an unidenfified TeV source [2] and lafer confirmed 
as having a shell-fype morphology using a much deeper TeV dafa sef [3]. Before fhe TeV shell 
idenfificalion, fhere was, however, already sfrong evidence fhaf fhe TeV source is an SNR, from fhe 
detection of a radio SNR with position and angular size matching the TeV source [4]. 

2. Shell search methodology 

To search for shell-like sources (with expected resolvable angular scales on the order of 0.2° to 
1°) in statistics-limited sky maps, with a population of other TeV sources (with typical angular sep¬ 
aration scales of degrees) as background, is challenging. Amongst the problems are the following 
two items. 

Choice of the regions of interest: It is often ambiguous if an emission region consists of one or sev¬ 
eral (at least in projection closeby) astrophysical objects. There is no unique decision criterion, and 
some choice on the assumed typical source morphology has to be made. Emission regions with ex¬ 
tended shell morphologies may not necessarily be identified as a single source. As a consequence, 
an unbiased search can only be performed on a sky spafial grid, where af each fixed posifion a shell 
morphology is compared fo a morphological null hypofhesis. 

Choice of the null hypothesis: The null hypofhesis of fhe morphology fesf needs fo be chosen. 
In principle, one could perform Monfe-Carlo simulations af each fesf posifion based on a fraining 
sample of typical TeV source morphologies. Wifh fhis, one could evaluafe whaf fhe likelihood is 
fhaf by chance a circular morphology appears. Such analysis is however well beyond fhe scope of 
fhe presenfed work. 

In order fo simplify, a cenfrally peaked source (represented here by a 2-dimensional Gaus¬ 
sian) is adopfed as null hypofhesis. The fargef morphology is an azimufhally symmefric, homoge- 
neously-emiffing 3-dimensional shell befween minimum and maximum radii, respecfively, pro¬ 
jected onto sky coordinates. This morphology is a good zero-order approximation for the known 
TeV-emitting SNR shells (marginal for SN 1006). Concerning the choice of the regions of inter¬ 
est, a two-step approach was adopted: Eirst, the search was conducted on a predefined grid of sky 
coordinates, using fhe H.E.S.S. Galactic plane survey (HOPS) sky maps [5], wifh a binning of 
0.02° X 0.02° equidisfant spacing on fhe sky. Af each grid posifion, fhe besf-fif shell was com¬ 
pared fo fhe besf-fif null-hypofhesis morphology (Gaussian). Second, fhe besf candidafes from fhe 
grid search were fhen evaluafed on individual source basis, i.e. on sky maps on which only one 
selected emission region of interest is present at a time. Here, the best-fit positions for the shell and 
null-hypothesis morphology (Gaussian) were left free and thus possibly different from each other. 

Given the issues of likely source confusion at many locations and the necessary choice of 
tested morphologies, it is evident that the search cannot be complete to any sensitivity level. The 
main goal was to identify obvious shell candidates, but no statistical assessment on the likelihood 
that the source is indeed a SNR, or on the likelihood of how many candidate shells are not found 
by the method, was performed. Thus, 
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• a H.E.S.S. source with reasonably significant shell morphology, identified by fhis search, 
is considered a TeV SNR candidafe; fhere are ofher asfrophysical objecfs fhaf pofenfially 
may appear shell-like and are pofenfial TeV y-ray emitters, such as superbubbles or wind¬ 
blown cavifies info which hadronic particles are diffusing, buf given fhe experience from fhe 
currenfly idenlified SNRs and fhe lack of identified alfernafive scenarios fhis approach seems 
feasible; 

• a H.E.S.S. shell (or shell candidafe if fhe significance for a shell from TeV dafa alone is 
marginal) is only identified as an SNR if an SNR counferpart or sfrong SNR counferparf 
candidafe in anofher wavelengfh can be associafed wifh fhe TeV source, fhrough mafching 
morphology, given fhe lack of possibilify of an independenf confirmalion from fhe TeV dafa 
alone (such as variabilify and specfrum). 

In fhe following, fwo prominenf examples fhaf emerged from fhe search for new SNR shells 
are presenfed. Only dafa from H.E.S.S. phase I were used; some dafa sfem from fhe commissioning 
phase of CT 5, buf CT 5 dafa were nol yef included in regular dafa faking.^ The H.E.S.S. analysis 
is sfill preliminary. Refined resulfs will be presenfed af fhe conference. 

3. HESSJ1534-571 

The grid search for shell-like sources as described in Secf. 2 yields a mildly significanf fesf 
significance (TS) difference befween fhe fwo fesfed models (projecfed shell vs. 2D Gaussian) af 
Galactic coordinates I ~ 323.6°,b ~ —1.0°. The H.E.S.S. TeV source af fhaf position has nol 
been published previously, buf fhe source is well above defection fhreshold following fhe defection 
procedure and fhreshold of fhe HGPS.® 

Eor fhe assessmenf of fhe morphology on individual source basis as also infroduced in Secf. 2, 
a dedicaled analysis of fhe region around fhe new source has been performed. Dafa were analyzed 
wifh a similar analysis configuration as fhe HGPS primary analysis (Hillas-based even! recon- 
sfrucfion and boosted decision frees for gamma-hadron separalion [6]). All available observafions 
wifhin a disfance of 3° from fhe source position and accepfable observing condifions were used, 
resulfing in a livefime-correcfed^ exposure of 57.4h af fhe source posifion. The TeV sky-map of 
HESS J1534—571 is shown in fhe lefl panel of Eig. 1. The signal-fo-noise of fhe source excess 
(expressed by fhe Ei&Ma significance formula) is 9.3 a, integrating excess wifhin a radius of 0.38° 
around fhe source cenlroid as defined fhrough fhe confer posifion and ouler radius of a shell model 
fitted lo fhis sky map. The name of fhe H.E.S.S. source (HESS J1534—571) has been chosen fo 
mafch fhe cenlroid coordinales of fhe shell. 

The stafisfical improvemenf when tiffing a projected shell instead of a Gaussian null-hypothesis 
morphology to the sky map is quantified using fhe Akaike informalion criferion [7], since fhis es¬ 
timator permifs fhe comparison of non-nesfed models such as fhe ones used. A null-hypofhesis 

^The hardware trigger configuration of phase II is such that software-wise exclusion of CT 5 from analysis yields 
data with equivalent sensitivity as H.E.S.S. phase I data. 

test using a 2-dimensional Gaussian source hypothesis against the background hypothesis as used for the 
forthcoming HGPS catalog yields a test significance difference of TSdiff = 39, well above HGPS detection threshold 
(TSdiff > 30). 

^i.e. deadtime-corrected and corrected for acceptance loss at larger off-optical axis angles 
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Figure 1: Left; TeV surface brightness map of HESS J1534—571, derived from all excess counts in circles 
of (oversampling) radius 0.1° and converted into a count rate above 1 TeV, assuming a source spectral photon 
index of T = 2.3, as indicated by a preliminary spectral analysis. The map is then for better representation 
additionally mildly smoothed with a 2-dimensional Gaussian filter with CJ = 0.01°. Overlaid are detection 
significance contours of 3,4,5,6 O’ (derived from integration radii of again 0.1°). The ellipse indicates the 
outer boundary of the radio SNR candidate G323.7—1.0 detected in MGPS2 data [8]. Right: TeV surface 
brightness map of HESS J1912H-101 derived analogously to the one for HESS J1534—571 (adopting in this 
case r = 2.7 from [9]), and overlaid with detection significance contours of 3,4,5,6,7 o. The insets on 
the lower left represent the resolution of the maps (i.e. the simulated instrumental point spread function of 
the respective data set, converted into a surface brightness with oversampling, and smoothed with the same 
function as the observational data). 

probability of p = 6.4 x 10^^ for HESS J1534—571 is derived. Thus, from the TeV data alone 
the source has preliminarily been classified as a TeV shell candidate. However, in the course of 
the analysis, a set of new radio SNR candidates was published [8] using data from the Molon- 
glo Galactic Plane Survey MGPS2. The newly detected radio SNR candidate G323.7—1.0 is in 
very good positional agreement with the H.E.S.S. source. In addition, the extension and the shell 
appearance match very well. Erom this spatial correlation and from the lack of any other known 
plausible counterparts, the source is classified as a TeV SNR. While still non-negligible, the chance 
probability that the source turns out to be e.g. a superbubble is considered sufficiently small. 

The source has no counterpart in ROSAT X-ray (survey) data. Due to the location of the source 
close to the Galactic plane, foreground absorption could have prevented a detection of the source 
in ROSAT data, given its upper energy sensitivity limit at ~ 2.4keV. The object has, however, 
also been the target of four Suzaku observations (40 ks each, PI A. Bamba) that partially covered 
the TeV source. No X-ray emission is found from the source region, excluding non-thermal X-ray 
emission at the level detected from the other known TeV SNR. Thus, the object is an excellent 
candidate for a TeV SNR whose TeV emission is dominated by proton-induced processes. 

4. HESSJ1912-H101 

HESS J1912-I-101 is a TeV source that has been discovered in 2008 [9] during the ongoing 
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H.E.S.S. survey. The source was published lacking firm identification, but with a plausible asso¬ 
ciation with the energetic pulsar PSR J1913-I-1011 in a pulsar wind nebula scenario. However, 
no conclusive claim for this scenario was made, given the lack of a known PWN counterpart 
in other wavelengths that could support the offset PWN scenario, and, more importantly, lack¬ 
ing an energy-dependent TeV extension that would confirm the PWN identification; such suc¬ 
cessful spectro-morphological evidence is considered definitive proof of the TeV PWN natures of 
HESSJ1825-137 [10] and HESS J1303-631 [11]. 

Meanwhile, the H.E.S.S. exposure on the source has increased considerably, by a factor of 
~ 6. This much larger data set changes the morphological picture of the TeV source significantly. 
The gridded shell search in the HGPS data as introduced in Sect. 2 yields a high test significance 
difference at the position of HESS J1912-I-101. The assessment of the morphology on individual 
source basis was performed with a data set equivalent to the HGPS data set, using the same ana¬ 
lysis configuration as for HESS J1534—571 introduced above. The effecive livetime (defined as 
in Sect. 3) amounts to 121.6h. A shell appearance of the source is now evident, as can be seen in 
the right panel of Eig. 1 . The signal-to-noise of the source excess (expressed by the Ei&Ma signif¬ 
icance formula) is 17.3 a, integrating excess within a radius of 0.48° around the source centroid 
as defined through the center position and outer radius of the shell model fitted to this sky map. 
The comparison of projected shell vs. Gaussian morphology yields a null-hypothethis probability 
of p = 1 .7 X 10 again using the Akaike information criterion [7]. Thus, the source is found to 
be a significant TeV shell and therefore a new SNR candidate. 

In contrast to HESS J1534—571, there is no known radio counterpart that matches the TeV 
shell morphology. Given the more northern location of HESS J1912-I-101, it is not covered by the 
MGPS2 survey. Neither is it covered by the EIRST [12] radio survey. A check of the NVSS and 
VEA GPS maps remains inconclusive. Given the low surface brightness of the other identified TeV 
SNRs, this finding is not considered a counterargument to the SNR scenario. 

Concerning X-rays, the source has no ROSAT counterpart. An excellent coincidental ASCA 
coverage of the source yields only inconclusive results, due to strong straylight contamination 
stemming from GRS 1915-1-10 [9]. A Chandra observation of the central region of the TeV source 
[13] does not cover the newly detected shell; therefore. X-ray quietness of the shell (on current 
satellite sensitivity level) cannot be claimed. 

5. Brief discussion 

The TeV y-ray detections of HESS J1731—347 [2, 3] and HESS J1534—571 (this work) with 
subsequent identification of radio SNR candidate counterparts demonstrate the capability of the 
current generation of TeV instruments to discover new SNRs. This gives further support to the hy¬ 
pothesis that HESS J1912-I-101 - now a TeV SNR candidate without counterpart - is indeed likely 
a TeV SNR; for the time being, the source is likely the first TeV SNR without known counterpart 
in other wavebands. 

All already established TeV SNRs have non-thermally emitting X-ray SNR counterparts. An 
interpretation of the TeV y-ray spectra in the framework of models yielding hadronically-dominated 
emission seems to work in many cases. However, scenarios in which the TeV emission stems from 
relativistic electrons emitting y-rays via IC scattering present a very viable alternative interpreta- 
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tion, also supported by the data in the Fermi-LKT y-ray energy band (e.g. [14]). Thus, while indirect 
evidence of proton acceleration exists from other observations, there is no conclusive proof that the 
TeV emission is tracing relativistic protons accelerated and/or confined in the shells. 

Searching for (and finding) new TeV SNRs that have no non-thermal X-ray counterpart is 
thus an important method to detect proton-dominated TeV SNRs. The lack of a counterpart in 
ROSAT data may not be conclusive given the likely strong foreground absorption towards the 
sources (cf. e.g. to HESS J1731—347 [3]). Dedicated X-ray (re)-observations of the objects with 
current-generation or future X-ray satellites is therefore key towards establishing the nature of the 
relativistic particle population that gives rise to the TeV emission in these objects. 
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The shell search performed on the entire HGPS data set as presented in section 2 employed 
Gammapy routines as presented in [15]. 
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